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HE Cold Spring Harbor Symposium in July, 1946
was a celebration of the postwar reunion of inter-
national genetic science. It was devoted to the genetics
of microorganisms; apart from the phytopathogenic
fungi (MouLTON 1940), this was virtually terra incognita
before World War I1. Only within the most recent few
years had any geneticists schooled in the main-line or-
ganisms (Drosophila, maize) made any serious contact
with the microbes. One of those, importantly, was MiLI-
sLav DEMEREC, who had found drug- and phage-resis-
tance mutations in Eschenchia coli to be ideal for his own
favorite interests in chemically induced mutation. As
Director of the Cold Spring Harbor Laboratory, he had
given great nurturance to LURIA and DELBRUCK and,
among other newly rising stars, to EVELYN WITKIN. He
was also the organizer of the symposium. The interna-
tional contingent numbered such celebrities as
EpHRUSSI, F. KAUFFMANN, LATARJET, LWOFF, MONOD,
PIRIE, PONTECORVO, and M. ]J. D. WHITE. Scarcely any
American even remotely interested in the area was ab-
sent; 1 can only think of G. W. BEADLE, who was just
moving to Caltech and whose work in Neurospora bio-
chemical genetics was represented by his recent collabo-
rators, EDWARD L. TATUM and DAVID BONNER.

EDp TATUM (LEDERBERG 1990), just recently moved
from Stanford to Yale, had been my own lab chief since
mid-March, when I had come up from Columbia to join
him at the behest of FRancis Ryan. My status at Yale
was a temporary research fellow (of the Jane Coffin
Childs Fund), a medical student on brief elective leave
from Columbia Medical School (P&S) after the grind-
ing schedules of wartime education under the Navy V-
12 training program.

Since the summer of 1945 I had been working with
RYAN on a fanciful project, namely the search for sexual
processes in bacteria, more precisely genetic recombi-
nation in E. coli. This had been motivated by the 1944

Dedicated to the memory of ANDRE LWOFF, 1902-1994 (see
Jacos 1994).
! Sackler Foundation Scholar.

Genetics 144: 439443 (Ociober, 1996)

report from the Rockefeller Institute (AVERY et al. 1944)
on transformation in pneumococcus mediated by DNA.
To my mind, that report had all the earmarks of being
the foundation of a new molecular genetics, as indeed
turned out to be the case (LEDERBERG 1994). One catch
was, could one really speak of ‘‘genes’’ in bacteria when
there was no experimental procedure to see them segre-
gate and reassort, no Mendelian paradigm? Among
those who thought about the matter at all, there were
plenty of skeptics who took a more holistic view of the
bacterium, including such giants as HINSHELWOOD
(1946) and HUXLEY (1942) who saw no reason to im-
pute more fine-grained genetic structure within the bac-
terial cell. It was looked upon as a dynamic reaction
network. Mendelian genetics was a battleground of po-
litical ideologies as well, with its suppression in the So-
viet Union under the banner of LYSENKO, enforced by
STALIN’s police state, who nevertheless found many sym-
pathizers among intellectuals not actively involved in
experimental genetics research.

After a half-hearted and for then futile effort to
achieve transformation in Neurospora with extracts
(which may or may not have had any DNA aboard), I
concluded that these investigations with DNA would
have to be pressed with bacteria. I searched the historic
literature, but found no compelling evidence, pro or
con, to reject sexuality as part of the life history of
bacteria. Never mind that LEEUWENHOEK and most rep-
utable microscopists since had failed to see any cou-
plings of the kind readily observable, e.g., with Para-
mecium; and never mind that the class name
“*Schizomycetes’ virtually defined bacteria by their
chastity. In this agnosticism, 1 was greatly encouraged
by RENE DUBOS’s (1945) extraordinarily insightful The
Bacterial Cell, which fulfilled the expectations of its title
in offering a very broad biological perspective on bacte-
ria as organisms, not merely as malicious agents of pu-
trefaction and disease. In this work, which appeared
late in the summer of 1945, he remarks, *‘If bacteria
do really reproduce by sexual methods, it should be
possible to cross closely related species and strains and
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to determine something of their genetical behavior . . . .
most workers have reported only failure . .. it has not
yet been proven that the inheritance of characters in
bacteria follows the Mendelian pattern.”’ I took this as
strong encouragement that the question was still open,
and a bolstering of the experiments I had already begun
with RYAN’s critical oversight.

Furthermore, looking at the natural history of bacte-
ria, I was struck by the combinatorial patterning of the
cell envelope and the flagellar antigens in Salmonella
serovars (KAUFFMANN 1941); this would have its most
ready explanation if some mechanism of genetic ex-
change did operate in that genus. We were helped by
the mystique that denominated each new serovar with
a new species name, like S. durban, S. newpon, etc., occa-
sioning a formal published report and periodic recom-
pilation of the names already apportioned. My expecta-
tions were also bolstered by the experience I had under
RyaN's tutelage with the life history of Neurospora, and
my reading of the complex life histories, including sex-
ual stages, of many other microfungi, algae, and proto-
zoa (CALKINS 1926; HARTMANN 1943). They were rein-
forced by my personal experience as a parasitology
technician in a naval hospital, where my main duty was
to diagnose malaria (Plasmodium falciparum vs. P. vivax)
in blood smears from the First Division Marines re-
turned from Guadalcanal in 1943.

My proposed experimental design was derivative of
my experiments with RYaN on auxotrophic mutants of
Neurospora, that these could be subjected to stringent
selection for reverse mutations by plating large num-
bers of cells in minimal medium (RYAN and LEDERBERG
1946). Similar things happen with mutants of E. coli;
but could one nevertheless find additional outcomes
from the interaction of two complementary strains? I
felt that could only be settled by using pairs of double
mutants, each strain then being pragmatically perfectly
stable even when billions of cells were subjected to strin-
gent selection. The trouble was, with the methods of
those days, mutants were hard to come by, and needed
a lot of tedious handpicking of colonies. But ED TATUM
had made that investment—he already had gotten on
to using presterilized toothpicks, which saved the step
of flaming a nichrome wire needle—and he had al-
ready reported getting double auxotrophs (TATUM
1945).

I wrote to TATUM asking if he had exercised those
double mutants in the direction of seeking recombina-
tion; if not, might he either make them available to me
or, my even fonder hope, allow me to work on the
project in his own laboratory. TATUM knew RyaN well,
from the latter’s postdoctoral experience at Stanford
in 1941-1942, prior to his return to Columbia to find
me (an eager sophomore) camped on his doorstep im-
ploring him for a place in his lab. So RYAN’s recommen-
dation carried a lot of weight. Many years later, after
RYAN's early death in 1963 (RavIN 1976), a mutual

friend told me of one of RYAN's deeper motives in ar-
ranging that liaison, in behalf of my long-term academic
career interests. He foretold I would face serious obsta-
cles as a brash New Yorker, and a Hebraic one to boot,
without an established champion. An Ivy League stamp
might help ameliorate that. In fact, in his letters of
recommendation for my first academic position, TATUM
took pains to argue that my research qualifications far
outweighed the impediments “of ... personality and
...race.”

So 1 did arrive via the New York-New Haven-Hartford
railroad on the 18th of March. The first question was
to find an affordable place to live. I doubt if it had
anyone’s formal approval, but I was able to camp in the
medieval tower of the Osborn Botanical Laboratory, a
ladder’s climb up from the third-floor laboratory bench
assigned to me. For a couple of weeks, I was glad to
have the company in my encampment of ART GALSTON,
just arrived from Caltech and looking for an apartment
so that his family could join him in his appointment to
the Yale faculty. ART still chides me for my ravings about
crossing bacteria, when he was trying to get some rest.
It was pretty lonely there after he left, but the Tower
was a convenient location for getting in two or three
shifts of experiments a day with zero distractions.

I felt the main task was to get all of the controls in
place, before 1 dared do a crossing experiment. 1 was
worrtied about syntrophy or cross-feeding of comple-
mentary auxotrophs, an interchange of metabolites
through the medium which might confuse a finding of
interchange of genes between cells (LEDERBERG 1946).
Single mutants would often do this, as could be shown
by the diffuse growth seen when agar layers heavily
seeded with one mutant were superimposed with the
other. BERNIE DAvis made very constructive use of asym-
metrical syntrophy in ordering metabolic pathways
(Dav1s 1955). As expected, this was greatly reduced with
double mutants. It was also important to isolate more
mutants, and I worked out an elementary way to do
this: just look for the small colonies, or the late-
appearing ones, on marginally supplemented agar me-
dium. Most of these were phenocopies, but it did re-
duce the tedious picking of thousands of bacterial colo-
nies at random. There was still plenty of motivation to
develop more efficient procedures later on (LEDERBERG
and ZINDER 1948; LEDERBERG 1989). Above all, I remon-
strated with myself, be sure that the double mutants
live up to their reputation and show no measurable
reversion to wild type (prototrophs), imputedly a two-
step process, even under stringent selection of large
populations (10° or 10° at one blow).

My notebooks show the first clear-cut positive finding
on Sunday, June 2, 1946. By the 19th I had already
repeated it a dozen times, and while visiting HARRIETT
TAYLOR, later EPHRUSSI (RAVIN 1968) at the Rockefeller
Institute, I wrote, ¢‘Still working to clinch the evidence
... it may take another week more.” (HARRIETT had












